The encapsulation of graphite-type carbon wires in the regular, 3-nanometer-wide hexagonal channels of the mesoporous host MCM-41 is reported. Acrylonitrile monomers are introduced through vapor or solution transfer and polymerized in the channels with external radical initiators. Pyrolysis of the intrachannel polyacrylonitrile results in filaments whose microwave conductivity is about 10 times that of bulk carbonized polyacrylonitrile. The MCM host plays a key role in ordering the carbon structure, most likely through the parallel alignment of the precursor polymer chains in the channels. The fabrication of stable carbon filaments in ordered, nanometer-sized channels represents an important step toward the development of nanometer electronics.
Intensive efforts under way to increase computing speed and storage density in information processing could culminate in the design of nanometer-sized, moleculebased electronic devices (1) . One major challenge in this context is to achieve communication with individual nanometersized structures or molecules. Encapsulation of conducting structures in ordered, insulating host systems is a promising approach toward controlled electronic access to individual nanometer-sized objects.
We have used the well-defined subnanometer-sized channels of zeolites as hosts for several different conjugated polymers such as polypyrrole, but the small diameter of these channels appears to inhibit significant conductivity (2, 3). Conducting polymers have also been prepared in the much larger, random pores (approximately 0.1 to 1 pum) of insulating host membranes (4) . Our recent study of polyaniline in MCM-41 demonstrates conductivity at the nanometer level (5) . Graphitic carbon is attractive for the design of conducting nanostructures because of its inherent stability and high conductivity. Efforts aimed at controlling the structure of randomly grown carbon nanotubes are under way (6) . We have now succeeded in encapsulating conducting carbon "wires" in the regular, 3-nm-wide hexagonal channels of the mesoporous aluminosilicate host MCM-41 (7, 8) . The The above data show that the MCM host plays a key role in ordering the growing graphitic sheets, most likely through the parallel alignment of the precursor polymer chains in the channels.
The properties of the charge carriers on these carbon wires are of particular interest. When a sample of PAN-MCM was heated to 350'C and higher, a single electron spin resonance (ESR) line of increasing intensity was observed (g factor of 2.0028), similar to previous observations with PAN fibers (17) . The linewidth in PAN-MCM dropped from 6 to -3 G between 3500 and 500`C and remained fairly constant at higher pyrolysis temperatures. In contrast, the bulk material shows a continuous decrease in linewidth and reaches a final value of 0.33 G at 10000C (Fig. 3) ably well developed Guinier-Preston (GP) zone structure (1, 11, 12 Fig. 2A) . Intermediate Cu levels resulted in a somewhat lower density of zones, although the zones were significantly larger (up to 20 nm in diameter) (Fig. 2B) . The Cu-poor regions, near the dendrite centers, contained a low density of GP zones, with diameters from 18 to 22 nm. Close inspection of this region revealed a second distribution of GP zones, consisting of a large number of very fine zones, typically 3 nm in diameter (Fig. 2C) .
Electron diffraction patterns for the Curich and Cu-poor regions confirm the presence of GP zones. In a cube orientation, Bragg reflections from the fcc matrix planes occur as bright spots in a square array. Reflections from the GP zones appear as continuous streaks because of the very thin disk morphology of the zones (one unit cell in thickness). The continuous nature of the streaks shows that the zones are monoatomic layers of Cu atoms known as GPI zones: streaks from GPII zones, or 0', would show intensity maxima halfway between the fcc Bragg reflections (13) . The streaks are very pronounced in regions with dense GP zones ( Fig. 2A, inset) and are only barely visible in the regions with small amounts of Cu (Fig. 2C, inset) .
The appearance and bimodal distribution of GP zones in the Flyer crankcase can be understood in terms of the phase diagram ( Fig. 3) that describes the metastable equilibrium between ou-Al and GP zones as well as the equilibrium AI-0(AI2Cu) system. The requirements for precipitation of a phase
